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(54) Method of identifying optical disc type, and optical disc device 



(57) An unknown optical disc is identified as a CD 
when an all sum signal value (AS-max) by a photode- 
tector on a signal surface of the unknown optical disc is 
larger than an ail sum signal value (AS-cdref) for CD 
signal surface reference for identifying the CD (1 0) and 
the hybrid SACD (20) as a CD based on respective CD 
signal surfaces (12, 25) thereof, and a focus search driv- 



ing voltage (Y) corresponding to the signal surface of 
the unknown optical disc is lager than a voltage value 
acquired by a predetermined relational expression be- 
tween a focus search driving voltage (Q) corresponding 
to a DVD signal surface of a reference DVD and a focus 
search driving voltage (R) corresponding to a CD signal 
surface of a reference CD. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an optical disc 
device on which a CD (Compact Disc) : a hybrid SACD 
(Super Audio CD) and a DVD (Digital Versatile Disc) can 
be selectively loaded. More particularly, the invention re- 
lates to a method of identifying an optical disc type, 
which can identify a hybrid SACD that has an HD signal 
surface employing a 1-bit direct stream digital technol- 
ogy and a known CD signal surface to be a CD among 
a plurality of types of CDs, and an optical disc device. 

2. Description of the Related Art 

[0002] Generally, an optical disc has been in wide use 
as it enables recording information signals such as vid- 
eo information, audio information or computer data on 
a track helically or concentrically formed on a disc sub- 
strate at a high density and high-speed access to a de- 
sired track when an information signal is recorded or re- 
produced from a recorded track. 

[0003] Now, optical discs can be largely classif ied into 
a read-only type and a recordable type. In the case of 
the optical disc of the read-only type, a concave-convex 
pit row of tracks is helically or concentrically formed on 
a disc substrate by injection molding that uses a resin 
material, and a reflection film of aluminum or the like is 
attached on the concave-convex pit row to form a signal 
surface. 

[0004] On the other hand, in the case of the optical 
disc of the recordable type, a track is previously formed 
of concave-convex grooves and lands helically or con- 
centrically formed beforehand on a disc substrate by in- 
jection molding that uses a resin material, and a record- 
ing film and a reflection film are sequentially attached 
on the grooves and the lands to form a signal surface. 
[0005] Then , the optical disc of the read-only type re- 
produces data in the following manner. The signal sur- 
face is irradiated with a laser beam for reproduction 
which is emitted through an objective lens from an op- 
tical pickup disposed in an optical disc device to be mov- 
able in a diameter direction of the optical disc, and a 
return light beam reflected from the signal surface is re- 
ceived by a photodetector. 

[0006] On the other hand, the optical disc of the re- 
cordable type records an information signal on the re- 
cording film of the signal surface by a laser beam for 
recording which is emitted through an objective lens 
from an optical pickup disposed in an optical disc device 
to be movable in a diameter direction of the optical disc, 
and then reproduces the signal from the recorded signal 
surface by a laser beam for reproduction as in the above 
case. 

[0007] Regarding compact discs (CDs) among the 



optical discs, there are a read-only disc on which music 
information has been recorded, a read-only CD-read on- 
ly rnemory (CD-ROM) on which computer data has been 
recorded, a recordable/reproducible CD-recordable 
5 (CD-R) on which an information signal can be recorded 
only once, a recordable/reproducible CD-rewritable 
(CD-RW) on which the information signal can be record- 
ed by a plurality of times, and the like. These optical 
discs are treated as CDs since CD signal surfaces are 
10 formed in positions apart by about 1 .2 mm from beam 
incident surface of a disc substrate. 
[0008] Further, there is a super audio CD (SACD) that 
employs a recently developed 1 -bit direct stream digital 
technology, in the case of this SACD, an HD signal sur- 
15 face is formed in a position apart by about 0.6 mm from 
a beam incident surface of a disc substrate, and the HD 
signal surface cannot be played back by a general CD 
player. However, in the case of a hybrid SACD that has 
a CD signal surface formed in a position apart by about 
20 1 .2 mm from a beam incident surface of a disc substrate 
in addition to an HD signal surface described above, the 
SACD is treated as a CD based on the CD signal sur- 
face. This enables playing-back the CD signal surface 
even by the general CD player. 
25 [0009] On the other hand, regarding digital versatile 
discs (DVDs) higher in recording density than CDs, 
there are a read-only disc for reproducing a digitized and 
compressed video or audio, a read-only DVD-read only 
memory (DVD-ROM) on which computer data has been 
30 recorded, a recordable/reproducible DVD-recordable 
(DVD-R) on which an information signal can be record- 
ed only once, a recordable/reproducible DVD-rewritable 
(DVD-RW) and a DVD-random access memory 
(DVD-RAM) on which the information signal can be re- 
35 corded by a plurality of times, and the like. These optical 
discs are treated as DVDs since DVD signal surfaces of 
one or two layers are formed in positions apart by about 
0.6 mm from a beam incident surface of a disc substrate. 
[0010] Note that, for the signal surface formed on the 
40 optical disc, while there are a read-only type and a re- 
cordable type as descried above, because a laser beam 
for reproduction is used when a type of an optical disc 
is detected, description below will be made focusing on 
a case of reproduction. 
45 [0011] FIGS. 1 A to 1 Dare schematic views explaining 
types of optical discs: FIG.1A shows a CD, FIG.1B 
shows a hybrid SACD, FIG. 1C shows a DVD-SL in 
which a signal surface is a one layer type, and FIG.1D 
shows a DVD-DL in which a signal surface is a two layer 
so type. 

[0012] First, as shown in F1G.1A, a CD (Compact 
Disc) 1 0 is constituted in a following manner. A disc sub- 
strate 1 1 is formed in a disc shape at a diameter of about 
120 mm, a diameter of a center hole of 15 mm, and a 
55 substrate thickness of about 1 .2 mm by using a trans- 
parent resin material. A CD signal surface 12 is formed 
in a position apart by about 1 .2 mm from a beam incident 
surface 11 a on the transparent disc substrate 11 by set- 
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ting a pit width and a track pitch larger than those of a 
DVD, which will be described later, and attaching a total 
reflection film, and further a protective film 13 is attached 
on the CD signal surface 12. 

[0013] Then, in the case of playing back the CD 1 0 by 
an optical pickup (not shown) in an optical disc device, 
the CD signal surface 12 is irradiated with a laser beam 
L1 , of which a wavelength has been narrowed by an ob- 
jective lens OB1 having a numerical aperture (NA) of 
0.45 nearly to 780 nm from the beam incident surface 
11a side of the transparent disc substrate 11 , and the 
CD signal surface 12 is played back by a return light 
reflected thereon. 

[0014] Next, as shown in FIG. 1 B, a super audio CD 
(hybrid SACD) 20 is constituted as a hybrid optical disc 
in which the disc substrate 11 of the CD 10 is divided 
into two in a thickness direction, and an HD signal sur- 
face 22 is added to a middle part of a CD signal surface 
25 in addition to a CD signal surface 25 of an upper sur- 
face side. 

[0015] More specifically, the hybrid SACD 20 is con- 
stituted in the following manner. First and second disc 
substrates 21 , 24 having a thickness of about 0.6 mm, 
respectively, are stuck together to form a disc of about 
1 .2 mm in total thickness by using transparent resin ma- 
terials. An HD signal surface 22 that employs a one bit 
direct stream digital technology is formed in a position 
apart by about 0.6 mm from a beam incident surface 
21a on the lower first disc substrate 21 by setting a pit 
width and a track pitch smaller than those of the CD 1 0 
and attaching a semi-transmissive reflection film, and a 
protective film 23 is formed on the HD signal surface 22. 
A CD signal surface 25 is formed in a position apart by 
about 1.2 mm from the beam incident surface 21a on 
the upper second disc substrate 24 by setting a pit width 
and a track pitch larger and attaching a total reflection 
film as in the case of the CD 10, and further attaching a 
protective film 26 on the CD signal surface 25. 
[0016] In the case of playing back the hybrid SACD 
20, the HD signal surface 22 is irradiated with a laser 
beam L2, of which a wavelength has been narrowed by 
an objective lens OB2 having a numerical aperture (NA) 
of 0.5 to 0.6 to nearly 650 nm, from the beam incident 
surface 21 a side of the lower transparent first disc sub- 
strate 21 , and the HD signal surface 22 is played back 
by a return light reflected thereon . The CD signal surface 
25 is irradiated with a laser beam L1 , of which a wave- 
length has been narrowed by an objective lens OB1 hav- 
ing a numerical aperture (NA) of 0.45 to nearly 780 nm 
and which has been transmitted through the HD signal 
surface 22, from the beam incident surface 21a side, 
and the CD signal surface 25 is played back by a return 
light reflected thereon. 

[0017] Next, as shown in FIG.1C, a digital versatile 
disc-single layer (DVD-SL) 30 in which a signal surface 
is one layer type is constituted in the following manner. 
A disc substrate 31 having a thickness of about 0.6 mm 
and a reinforcing disc substrate 34 having a thickness 



of about 0.6 mm are stuck together by use of a resin 
material to form a disc having about 1 .2 mm in total thick- 
ness. A DVD signal surface 32 is formed in a position 
apart by about 0.6 mm from a beam incident surface 
5 31 a on the lower disc substrate 31 by setting a pit width 
and a track pitch smaller than those of the CD 1 0 and 
attaching a total reflection film, and a protective film 33 
is formed on the DVD signal surface 32. 
[0018] Then, in the case of playing back the DVD-SL 
10 30 in which the signal surface is one layer type, the DVD 
signal surface 32 is irradiated with a laser beam L2, of 
which a wavelength has been narrowed by an objective 
lens OB2 of a numerical aperture (NA) of 0.5 to 0.6 to 
nearly 650 nm, from the beam incident surface 31a side 
15 of the transparent disc substrate 31 , and the DVD signal 
surface 32 is played back by a return light reflected ther- 
eon. 

[0019] Next, as shown in FIG. 1D, a digital versatile 
disc-dual layer (DVD-DL) 40 in which a signal surface 
is two layer type is constituted in the following manner. 
First and second disc substrates 41 , 46 set to about 0.6 
mm in thickness are stuck together to form a disc of 
about 1 .2 mm in total thickness by using transparent res- 
in materials. A first DVD signal surface 42 is formed in 
a position apart by about 0.6 mm from a beam incident 
surface 41 a on the lower first disc substrate 41 by setting 
a pit width and a track pitch smaller than those of the 
CD 1 0 and attaching a semi-transmissive reflection film, 
and a protective film 43 is formed on the first DVD signal 
surface 42. A second DVD signal surface 45 is formed 
on the upper second disc substrate 46 close to the first 
DVD signal surface 42 by setting a pit width and a track 
pitch smaller than those of the CD 10 and attaching a 
total reflection film, and a protective film 44 is attached 
below the second DVD signal surface 45. 
[0020] Then, in the case of playing back the DVD-DL 
40 in which the signal surface is two-layer type, the first 
DVD signal surface 42 or the second DVD signal surface 
45 is irradiated with a laser beam L2, of which a wave- 
length has been narrowed by an objective lens OB2 of 
a numerical aperture (NA) of 0.5 to 0.6 to nearly 650 nm, 
from the beam incident surface 41 a side of the transpar- 
ent first disc substrate 41 , and the first DVD signal sur- 
face 42 or the second DVD signal surface 45 is played 
back by a return light reflected thereon. 
[0021] Incidentally, there are a device and a method 
for identifying an optical carrier, which can identify atype 
of an optical disc by selectively loading one of the CD 
10, the hybrid SACD 20 and the DVD-SL 30 in which 
the signal surface is the one layer type, and using a de- 
tection signal from a photodetector disposed in an opti- 
cal pickup (e.g., see pp. 2 to 6, FIG.3 of Japanese Patent 
Application Laid-Open No.2000-293932). 
[0022] FIG .2 shows principle waveform charts for ex- 
plaining a device and a method for identifying a carrier 
according to a conventional art. 

[0023] The conventional carrier identifying device and 
method shown in FIG.2 are disclosed in the above Jap- 
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anese Patent Application Laid-Open No. 2000-293932. 
Here, description will be made briefly by referring to this 
Publication and FIGS.IAto 1D and FIG.2. 
[0024] According to the conventional optical carrier 
identifying device and method disclosed in the Japa- 
nese Patent Application Laid-Open No.2000-293932, 
as shown in (a) of FIG. 2, an objective lens disposed in 
an optical pickup is raised or lowered by a focus search 
driving signal relative to an optical disc mounted on a 
turntable. 

[0025] During playing-back of the optical disc, a return 
light from a signal surface of the optical disc is received 
by a plurality of photodetection areas A to D in a photo- 
detector disposed in the optical pickup and, subse- 
quently, photodetection amounts of the plurality of pho- 
todetection areas A to D are all added to generate an 
all sum signal AS (described as a pull-in signal PI in the 
Publication). At this time, all sum signal AS=(A+B+C+D) 
is set. 

[0026] Now, as shown in (b) of FIG.2, in the case of 
playing back the CD 10 as an optical disc, since there 
is a roughly 1 . 2 mm distance from the beam incident 
surface 11a of the disc substrate 11 to the CD signal 
surface 12, all sum signals AS appear at positions I , ill 
of the beam incident surface 1 1 a and the CD signal sur- 
face 12. A identification signal DD similar to that shown 
in (c) of FIG.2 is obtained when comparison is made to 
determine whether values of the all sum signals AS ex- 
ceed a threshold value TH or not. Then, a pulse interval 
t1 between the two all sum signals AS is measured to 
identify the optical disc as a CD. 
[0027] Next, as shown in (d) of FIG. 2, in the case of 
playing back the DVD-SL 30 in which the signal surface 
is one layer type as an optical disc, since there is a 
roughly 0.6 mm distance from the beam incident surface 
31a of the first disc substrate 31 to the DVD signal sur- 
face 32, all sum signals AS appear at positions I , II of 
the beam incident surface 31a and the DVD signal sur- 
face 32. A identification signal DD similar to that shown 
in (e) of FIG. 2 is obtained when comparison is made to 
determine whether values of the all sum signals AS ex- 
ceed a threshold value TH or not Then, a pulse interval 
t2 between the two all sum signals AS is measured to 
identify the optical disc as a DVD. In this event, for ex- 
ample, if time tTH is held as a reference value which is 
an intermediate value between the measured values t1 
and t2, a measured value tx is compared with the time 
tTH to determine whether the measured value tx is t1 or 
t2. That is, it is possible to identify whether the optical 
disc is a CD 1 0 or a DVD-SL 30. 

[0028] Next, as shown in (f) of FIG.2, in the case of 
playing back the hybrid SACD 20 as an optical disc, 
since the HD signal surface 22 is at a position of about 
0.6 mm from the beam incident surface 21 a of the first 
disc substrate 21 , and the CD signal surface 25 is locat- 
ed apart by about 0.6 mm from this HD signal surface 
22, all sum signals AS appear at positions I , II , III of the 
beam incident surface 21a, the HD signal surface 22 



and the CD signal surface 25. A identification signal DD 
similar to that shown in (g) of FIG.2 is obtained when 
corrjpsrison is made to determine whether values of the 
all sl signals AS exceed a threshold value TH or not. 
5 Then, pulse intervals t3, t4 among the three all sum sig- 
nals AS are measured to identify the optical disc as a 
hybrid SACD. 

[0029] Meanwhile, according to the optical carrier 
identifying device and method disclosed in the Japa- 

10 nese Patent Application Laid-Open No.2000-293932, it 
is possibleto identify the types of the CD 1 0, the DVD-SL 
30 in which the signal surface is one layer type, and the 
hybrid SACD 20. However, three types of signal 
processing circuits are necessary, i.e. , a CD signal 

15 processing circuit, a DVD signal processing circuit., and 
a hybrid SACD signal processing circuit. Consequently, 
signal processing circuitry of the optical carrier identify- 
ing device becomes complex, and the optical carrier 
identifying device becomes expensive. 

20 

SUMMARY OF THE INVENTION 

[0030] Thus, paying attention to the hybrid SACD 20 
in which the HD signal surface 22 and the CD signal 
25 surface 25 are formed, if the CD signal surface 25 only 
is played back without playing back the HD signal sur- 
face 22 with compatibility to the CD 10, only two types 
of signal processing circuits, i.e. , the CD signal 
processing circuit and the DVD signal processing circuit, 
30 are necessary. Therefore, the device can be provided 
inexpensively. In this case, in contrast to the case de- 
scribed above referring to FIG.1 B, the hybrid SACD 20 
must be identified as simply a CD because it is neces- 
sary to irradiate only the CD signal surface 25 of the 
35 hybrid SACD 20 with the laser beam L1 whose wave- 
length is near 780 nm. Accordingly, there is a demand 
for an optical disc device and a method of identifying a 
type of an optical disc which can identify not only the CD 
1 0 as a CD and the DVD-SL 30 or the DVD-DL 40 as a 
40 DVD but also the hybrid SACD 20 that has the HD signal 
surface 22 and the CD signal surface 25 as simply a CD . 
[0031] in order to achieve the foregoing object, there 
is provided a method of identifying a type of an optical 
disc loaded in an optical disc device that enables selec- 
45 tive loading of a CD (Compact Disc), a hybrid SACD (Su- 
per Audio CD) and a DVD (Digital Versatile Disc) among 
optical discs, in which the type of the optical disc is iden- 
tified by irradiating an optical disc of an unknown type 
with a laser beam through an objective lens from a beam 
so incident surface side, receiving a return light from a sig- 
nal surface of the unknown optical disc in a plurality of 
photodetection areas of a photodetector in the middle 
of raising or lowering the objective lens placed on stand- 
by at a lens midpoint between a lower lens bottom point 
55 and an upper lens top point based on a focus search 
driving signal during focus searching, and adding all 
photodetection amounts of the plurality of photodetec- 
tion areas. This method is characterized by including: 
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presetting and storing an all sum signal value AS-cdref 
for CD signal surface reference for identifying the CD 
and the hybrid SACD as a CD based on each Cl>signal 
surface thereof; acquiring a focus search driving voltage 
Q corresponding to a DVD signal surface to previously 
store the same when a reference DVD is used and a 
return light from the DVD signal surface thereof located 
at a position of about 0.6 mm from the beam incident 
surface thereof is received by thephotodetector; acquir- 
ing a focus search driving voltage R corresponding to a 
CD signal surface to previously store the same when a 
reference CD is used and a return light from the CD sig- 
nal surface thereof located at a position of about 1 .2 mm 
from the beam incident surface thereof is received by 
thephotodetector; acquiring an all sum signal value AS- 
max by the photodetector on the signal surface of the 
unknown optical disc, and comparing the all sum signal 
value AS-max with the all sum signal value AS-cdref for 
the CD signal surface reference; acquiring a focus 
search driving voltage Y corresponding to the signal sur- 
face of the unknown optical disc when the return light 
from the signal surface thereof is received by the pho- 
todetector, and comparing the focus search driving volt- 
age Y with a voltage value acquired by a predetermined 
relational expression between the focus search driving 
voltage Q and the focus search driving voltage R; and 
identifying the unknown optical disc as a CD when the 
all sum signal value AS-max is larger than the all sum 
signal value AS-cdref for the CD signal surface refer- 
ence, and the focus search driving voltage Y is larger 
than the voltage value acquired by the predetermined 
relational expression. 

[0032] According to a preferred embodiment of the 
present invention, the unknown optical disc is identified 
as a CD when AS-max > AS-cdref and Y > (Q+2R)/3 
are satisfied. 

[0033] Furthermore, in order to achieve the foregoing 
object, there is provided an optical disc device in which 
a CD (Compact Disc), a hybrid SACD (Super Audio CD) 
and a DVD (Digital Versatile Disc) among optical discs 
are selectively loaded, and a type of an optical disc is 
identified by irradiating, an optical disc of an unknown 
type with a laser beam through an objective lens from a 
beam incident surface side, receiving a return light from 
a signal surface of the unknown optical disc in a plurality 
of photo detecti on areas of a photodetector in the middle 
of raising or lowering the objective lens placed on stand- 
by at a lens midpoint between a lower lens bottom point 
and an upper lens top point based on a focus search 
driving signal during focus searching, and adding all 
photodetection amounts of the plurality of photodetec- 
tion areas. This optical disc device is characterized by 
including: focus search driving signal generation means 
for receiving respective return lights from a DVD signal 
surface located at a position of about 0.6 mm from the 
beam incident surface by using a reference DVD, from 
a CD signal surface located at a position of about 1 .2 
mm from the beam incident surface by using a reference 



CD, and from the signal surface of the unknown optical 
disc by the photodetector, and acquiring focus search 

4 driving voltages Q, R and Y corresponding to the re- 
spective signal surfaces; photodetector signal process- 

5 ing means for acquiring an all sum signal value AS-max 
by the photodetector on the signal surface of the un- 
known optical disc; storing means for prestoring an all 
sum signal value AS-cdref for CD signal surface refer- 
ence preset for identifying the CD and the hybrid SACD 

10 as a CD based on each CD signal surface thereof, the 
focus search driving voltage Q corresponding to the 
DVD signal surface of the reference DVD, and the focus 
search driving voltage R corresponding to the CD signal 
surface of the reference CD; arithmetic operation means 

15 for comparing the all sum signal value AS-max with the 
all sum signal value AS-cdref for the CD signal surface 
reference, and comparing the focus search driving volt- 
age Y corresponding to the signal surface of the un- 
known optical disc with a voltage value acquired by a 

20 predetermined relational expression between the focus 
search driving voltage Q and the focus search driving 
voltage R; and optical disc type identification means for 
identifying the unknown optical disc as a CD when the 
all sum signal value AS-max is larger than the all sum 

25 signal value AS-cdref for the CD signal surface refer- 
ence, and the focus search driving voltage Y is larger 
than the voltage value acquired by the predetermined 
relational expression. 

[0034] According to a preferred embodiment of the 
30 present invention, the unknown optical disc is identified 
as a CD when AS-max > AS-cdref and Y > (Q+2R)/3 
are satisfied. 

[0035] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
35 description when read in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



40 [0036] In the accompanying drawings: 

FIGS. 1 A to 1D are schematic views explaining 
types of optical discs, FIG.1A showing a CD, FIG. 
1B showing a hybrid SACD, FIG.1C showing a 
45 DVD-SL in which a signal surface is a 1 -layer type, 
and FIG.1D showing a DVD-DL in which a signal 
surface is a 2-layer type; 

FIG.2 shows principle waveform charts explaining 
a device and a method for identifying a carrier ac- 
50 cording to a conventional art; 

FIG.3 is a constitutional view showing an entirecon- 
stitution of an optical disc device according to the 
present invention; 

FIG.4 is a circuit diagram showing a circuit for gen- 
55 erating a TR signal of a CD, an FE signal of the CD 
or a DVD, an AS signal of the CD or the DVD, and 
an RF signal of the CD in a photodetector signal 
processing circuit shown in FIG.3; 
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FIG. 5 is a circuit diagram showing a circuit for gen- 
erating an RF signal ot the DVD, and a TR signal of 
the DVD in the photodetector signal processing cir- • 
cuit shown in FIG. 3; 

FIG. 6 is a schematic view explaining a working dis- 5 
tance of an objective lens; 

FIG. 7 is a flowchart explaining an operation of set- 
ting a working range of the objective lens by using 
a reference CD; 

FIG. 8 is a schematic operation view explaining the 10 
operation of setting the working range of the objec- 
tive lens by using the reference CD; 
FIG. 9 is a schematic operation view explaining an 
operation of acquiring a focus search driving volt- 
age corresponding to a DVD signal surface by using * 5 
a reference DVD after the working range of the ob- 
jective lens is set; 

FIG.10 is a flowchart (1) of identifying a type of an 
unknown optical disc by starting a semiconductor 

20 

laser for DVD first; 

FIG. 11 is a flowchart (2) of identifying the type of 
the unknown optical disc by starting the semicon- 
ductor laser for DVD first; 

Fig. 12 is a schematic operation view explaining a 
focus searching operation on the unknown optical 25 
disc by the objective lens; 

FIG. 13 is a schematic operation view showing the 
operation of identifying the type of the unknown op- 
tical disc when focus searching is carried out by us- 
ing the semiconductor laser for DVD; 30 
FIGS. 14A and 14B are schematic views for ex- 
plaining the operation of identifying the type of the 
unknown optical disc based on an envelope track 
state of an RF signal, FIG.14A showing a case of a 
CD signal surface of a hybrid SACD, and FIG.14B 35 
showing a case of a DVD-SL, a DVD-DL; 
FIG. 15 is a flowchart (1) of identifying the type of 
the unknown optical disc by starting a semiconduc- 
tor laser for CD first; and 

FIG.16 is a flowchart (2) of identifying the type of 40 
the unknown optical disc by starting a semiconduc- 
tor laser for CD first; and 

FIG. 17 is a flowchart (3) of identifying the type of 
the unknown optical disc by starting the semicon- 
ductor laser for CD first. 45 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0037] Hereinafter, detailed description will be made so 
of an embodiment of a method of identifying a type of 
an optical disc and an optical disc device according to 
the present invention with reference to FIGS. 3 to 16. 
Note that, in the description below, members similar to 
those described above with reference to FIGS. 1 A to 1 D 55 
will be denoted by the same reference numerals. 
[0038] FIG. 3 is a block diagram showing an entire 
constitution of an optical disc device according to the 



present invention. FIG.4 is a circuit diagram showing a 
circuit for generating a TR signal of a CD, an FE signal 
of trje CD or a DVD, an AS signal of the CD or the DVD, 
and an RF signal of the CD in a photodetector signal 
processing circuit shown in FIG.3. FIG.5 is a circuit di- 
agram showing a circuit for generating an RF signal of 
the DVD, and aTR signal of the DVD in the photodetec- 
tor signal processing circuit shown in FIG.3. 
[0039] As shown in FIG. 3, in an optical disc device 
50 of the present invention, the CD 1 0, the hybrid SACD 
20, the DVD-SL 30 in which the signal surface is the one 
layer type, and the DVD-DL 40 in which the signal sur- 
face is the two-layer type described above with refer- 
ence to FIGS. 1 A to 1D can be selectively loaded on a 
turntable (not shown) as the optical discs, and these var- 
ious optical discs can be rotated integrally with the turn- 
table by an uniilustrated spindle motor. In the optical disc 
device 50, priority is given to the DVD-SL 30 and the 
DVD-DL 40 as main use, while the CD 1 0 and the hybrid 
SACD 20 are set as sub-use. The hybrid SACD 20 that 
has an HD signal surface 22 and a CD signal surface 
25 is treated simply as a CD. Thus, the optical disc de- 
vice 50 is provided inexpensively. 
[0040] In the optical disc device 50, a control section 
51 is disposed to control the entire device by using a 
microcomputer. In this case, the control section 51 in- 
cludes the following functional sections: a memory sec- 
tion 51a, an arithmetic operation section 51b, a focus 
search driving signal generation section 51c, an optical 
disc type identification section 51 d, and a program sec- 
tion 51 e. These sections in the control section 51 will be 
described as necessary. 

[0041] Below the optical disc, an optical pickup 60 is 
disposed to be movable in a diameter direction of the 
optical disc by the uniilustrated spindle motor. 
[0042] The optical pickup 60 includes a semiconduc- 
tor laser 63 for CD for irradiating the CD 1 0 and the hy- 
brid SACD 20 with a laser beam of which wavelength is 
near 780 nm, and a semiconductor laser 64 for DVD for 
irradiating the DVD-SL 30 and the DVD-DL 40 with a 
laser beam of which wavelength is near 650 nm. These 
semiconductor lasers 63 and 64 are installed to be very 
slightly apart from each other left and right setting an 
optical axis of an objective lens 73 as a center on a sem- 
iconductor substrate (Si substrate) 62 disposed in a low- 
er side of an optical pickup casing 61 . 
[0043] On both left and right sides of the semiconduc- 
tor laser 63 for CD and the semiconductor laser 64 for 
DVD, a plurality of photodetectors 65 to 70 are integrally 
formed on the semiconductor substrate 62. 
[0044] Additionally, a hologram 71 is disposed above 
the semiconductor laser 63 for CD and the semiconduc- 
tor laser 64 for DVD. Further, the objective lens 73 at- 
tached to a lens holder 72 is supported above the holo- 
gram 71 to be swingable in a tracking direction and a 
focusing direction through an uniilustrated suspension 
wire. In this case, the objective lens 73 is formed to set 
a numerical aperture (NA) of 0.45 for the CD 1 0 and the 
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hybrid SACD 20, and a numerical aperture (NA) of 0.5 
to 0.6 for the DVD-SL 30 and the DVD-DL 40. Such an 
objective lens 73 may be referred to as a specialpbjec- 
tive lens. 

[0045] Moreover, a tracking coll 74 and a focusing coil 
75 are fixed to an outer peripheral surface of the lens 
holder 72 to which the objective lens 73 has been at- 
tached. The tracking coil 74 is for controlling the objec- 
tive lens 73 integrally with the lens holder 72 in the track- 
ing direction, while the focusing coil 75 is for controlling 
the objective lens 73 integrally with the lens holder 72 
in the focusing direction. 

[0046] At the time of starting the optical disc device 
50, the priority is given to the DVD-SL 30 and the 
DVD-DL 40 in the optical disc device 50 as described 
above. Accordingly, a laser driving circuit 52 is actuated 
by a command from the control section (microcomputer) 
51 and then a laser driving current LI generated in the 
laser driving circuit 52 is applied to the semiconductor 
laser 64 for DVD through a switch SW 1 . A laser beam 
of near 650 nm emitted from the semiconductor laser 
64 for DVD is transmitted through the hologram 71 to 
enter the objective lens 73. The laser beam narrowed 
by the objective lens 73 is irradiated onto a signal sur- 
face of an optical disc. Subsequently, a return light re- 
flected on the signal surface of the optical disc is passed 
through the objective lens 73, and diffracted to a plurality 
of optical paths by the hologram 71 to be received by 
the plurality of photo detectors 65 to 70. 
[0047] In this event, at the time of starting the optical 
disc device 50, the semiconductor laser 64 for DVD is 
started first, and the laser beam from the semiconductor 
laser 64 for DVD is used to identify a type of the optical 
disc as described later. When a result of the identifica- 
tion shows that the optical disc is a CD, the semicon- 
ductor laser 63 for CD is started. 
[0048] Incidentally, an operation opposite to the 
above is possible. That is, at the time of starting the op- 
tical disc device 50, the Semiconductor laser 63 for CD 
is started first, a laser beam from the semiconductor la- 
ser 63 for CD is used to identify a type of the optical disc 
and, when a result of the identification shows that the 
disc is a DVD, the semiconductor laser 64 for DVD is 
started. 

[0049] Additionally, photodetector detection signals 
PDS obtained by receiving the return light reflected on 
the signal surface of the optical disc at the plurality of 
photodetectors 65 to 70 disposed in the optical pickup 
60 are inputted to a photodetector signal processing cir- 
cuit 53 to generate a tracking error signal TE (may be 
referred to as a TE signal hereinafter), a focusing error 
signal FE (may be referred to as an FE signal hereinaf- 
ter), a data reproducing signal RF (may be referred to 
as an RF signal hereinafter), and an all sum signal AS 
(may be referred to as an AS signal hereinafter) therein 
as described later. 

[0050] Note that when the signals are processed in 
the photodetector signal processing circuit 53, the sig- 



nals are processed for the CD when the CD 10 or the 
hybrid SACD 20 is played back and for the DVD when 
the DVD-SL 30 or the DVD-DL 40 is played back in ac- 
cordance with a command from the control section 51 . 

5 [0051] Now, the signal processing in the photodetec- 
tor signal processing circuit 53 will be described more 
specifically. The plurality of photodetectors disposed in 
the optical pickup 60 include a pair of sub-photodetec- 
tors 66, 67 disposed front and back of a 4-division type 

10 photodetector 65 in the tracking direction to obtain a TR 
signal of a CD, one 4-division type photodetector 65 dis- 
posed to obtain an FE signal, an AS signal and an RF 
signal of the CD, and a pair of 4-division type photode- 
tectors 68, 69 disposed to obtain an FE signal and an 

15 AS signal of a DVD as shown in FIG. 4, and one 4-divi- 
sion type photodetector 70 disposed to obtain an RF sig- 
nal and a TR signal of the DVD as shown in FIG.5. 
[0052] First, as shown in FIG.4, the TR signal of the 
CD is obtained by using a well-known 3-beam method 

20 to input photo detection outputs of the pair of sub-pho- 
todetectors 66, 67 through resistors 81 , 82 to a balancer 
83, and detecting a difference between both outputs at 
the balancer 83. 

[0053] The all sum signal AS that is a main part of the 
25 present invention includes an AS signal of the CD and 
an AS signal of the DVD, and is obtained by selectively 
switching the AS signals thereof by switches SW3, 
SW4. In this event, the switches SW3, SW4 are 
switched to obtain the AS signal of the DVD first at the 
30 time of starting the optical disc device 50. Subsequently, 
the switches SW3, SW4 are switched to obtain the AS 
signal of the CD when a type of the optical disc is iden- 
tified as a CD. 

[0054] The AS signal of the CD is obtained by using 
35 a well-known push-pull method to add all photodetection 
amounts of 4-division photodetection areas A to D ar- 
ranged in a cross shape in one 4-division type photode- 
tector 65, and a signal band of the AS signal of the CD 
is 100 KHz or lower. 
40 [0055] That is, since the FE signal of the CD (de- 
scribed later) is simultaneously obtained, division is first 
made into an (A+D) area and a (B+C) area, and the AS 
signal of the CD is obtained as (A+B+C+D) by adding 
all photodetection outputs of the (A+D) area and the 
45 (B+C) area through the switches SW3, SW4 at an adder 
84. 

[0056] On the other hand, the AS signal of the DVD 
is obtained by using a well-known spot size method 
(SSD method) to add all photodetection amounts of 4-di- 
50 vision photodetection areas A to D arranged in parallel 
in the pair of 4-division type photodetectors 68, 69. and 
a signal band of the AS signal of the DVD is 1 00 KHz or 
lower. 

[0057] That is, since the FE signal of the DVD (de- 
55 scribed later) is simultaneously obtained, division is first 
made into a first group of {(B+C) area of 4-division type 
photodetector 68}+{(A+D) of 4-division type photode- 
tector 69} and a second group of {{A+D} area of 4-divi- 
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sion type photodetector 68}+{(B+C) of 4-division type 
photodetector 69}. Then, the AS signal of the DVD is 
obtained as {(A+B+C+D) of 4-division type photodetec- , 
tor 68}+{(A+B+C+D) of 4-division type photodetector 
69} by adding all photodetection outputs of the first and 
second groups through the switches SW3, SW4 at the 
adder 84. 

[0058] The FE signal of the CD orthe DVD is obtained 
by inputting outputs from the switches SW3 and SW4, 
connected to the 4-division type photodetector 65 or the 
pair of 4-division type photo detectors 68, 69, to a bal- 
ancer 85, and detecting a difference between both out- 
puts at the balancer 85. 

[0059] Additionally, the RF signal of the CD is ob- 
tained by adding all photodetection amounts of the pho- 
todetection. areas A to D of the 4-division type photode- 
tector 65. However, the RF signal is a signal of an MHz 
order having a different signal band from the all sum sig- 
nal AS of the CD. Here, the RF signal is obtained by 
adding all photodetection outputs of the (A+D) area and 
the (B+D) area of the 4-division type photodetector 65 
through HPFs 86, 87 at an adder 88. 
[0060] Next, as shown in FIG.5, the RF signal of the 
DVD is obtained by adding all photodetection amounts 
of the photodetection areas A to D of the 4-division type 
photodetector 70, and a signal band thereof is an MHz 
order. That is, the RF signal of the DVD is obtained by 
adding all photodetection outputs of the 4-division pho- 
todetection areas A to D arranged in a cross shape in 
the 4-division type photodetector 70 through capacitors 
91 to 94 and HPFs 95 to 98 at an adder 99. 
[0061] Further, the TR signal of the DVD is obtained 
in the following manner. The photodetection outputs of 
the 4-division photodetection areas A to D arranged in 
the cross shape in the 4-division type photodetector 70 
are passed through the capacitors 91 to 94, equalizer 
amplifiers 1 00 to 1 03, HPFs 1 04 to 1 07, and operational 
amplifiers 108 to 111 . An output of the operational am- 
plifier 1 08 corresponding to the A area and an output of 
the operational amplifier 1 09 corresponding to the C ar- 
ea are inputted to a first differential phase detector 112, 
and an output of the operational amplifier 110 corre- 
sponding to the D area and an output of the operational 
amplifier 111 corresponding to the B area are inputted 
to a second differential phase detector 113. Then, out- 
puts of the first and second differential phase detectors 
112, 113 are subtracted by a subtracter 114. 
[0062] Returning to FIG. 3, at the time of reproducing 
data from an optical disc by rotating the same at a high 
speed (referred to as during data reproduction of the op- 
tical disc hereinafter), the tracking error signal TE ob- 
tained in the photodetector signal processing circuit 53 
is inputted to a tracking control circuit 54, and a tracking 
control signal TE CONT generated therein is supplied 
to the tracking coil 74 attached to the lens holder 72. 
Accordingly, the objective lens 73 is controlled integrally 
with the lens holder 72 in the tracking direction with re- 
spect to the optical disc by a magnetic force of the track- 
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ing coil 74 and an unillustrated magnet. 
[0063] Moreover, during the data reproduction of the 
optical disc, the focus error signal FE obtained in the 
photodetector signal processing circuit 53 is inputted to 

5 a focus control circuit 55, and a focus control signal FE 
CONT generated therein is supplied through a switch 
SW2 to the focus coil 75 attached to the lens holder 72. 
Accordingly, the objective lens 73 is controlled integrally 
with the lens holder 72 in the focusing direction with re- 

10 spect to the optical disc by a magnetic force of the focus 
coil 75 and an unillustrated magnet. 
[0064] Further, the focus error signal FE obtained in 
the photodetector signal processing circuit 53 is inputted 
to the arithmetic operation section 51 b in the control sec- 

15 tion 51 , and determination is made as to whether a gain 
of a signal system is increased or not based on a peak- 
peak (p-p) value of the focus error signal FE during type 
identification of the optical disc. This operation will be 
described later, and thus explanation thereof is omitted 

20 here. 

[0065] During the data reproduction of the optical 
disc ; the data reproducing signal RF obtained in the pho- 
todetector signal processing circuit 53 is inputted to an 
RF signal demodulation circuit 56, and inside the circuit, 

25 one of a CD signal processing section 56a and a DVD 
signal processing section 56b is actuated based on a 
command from the control section 51 to demodulate and 
output the data reproducing signal RF corresponding to 
the type of the optical disc based on a predetermined 

30 format. 

[0066] Further the data reproducing signal RF ob- 
tained in the photodetector signal processing circuit 53 
is inputted to the arithmetic operation section 51b in the 
control section 51 , and a track state is detected from an 

35 envelope of the data reproducing signal RF to identify a 
DVD or a CD. However, this operation will be described 
later, and thus explanation thereof is omitted here. 
[0067] Next, description will be made of an operation 
of setting a working range of the objective lens 73, which 

40 is a main part of the present invention, during focus 
searching on the optical disc by the objective lens 73 
with reference to FIGS.6 to 9. 

[0068] FIG.6 is a schematic view for explaining a 
working distance of the objective lens: (a) in the figure 

45 shows a case of the DVD-SL, (b) shows a case of the 
CD, and (c) shows a case of the hybrid SACD. FIG. 7 is 
a flowchart for explaining an operation of setting a work- 
ing distance of the objective lens by using a reference 
CD. FIG. 8 is a schematic operation view for explaining 

50 the operation of setting the working range of the objec- 
tive lens by using the reference CD. FIG. 9 is a schematic 
operation view for explaining an operation of obtaining 
a focus search driving voltage corresponding to a DVD 
signal surface by using a reference DVD after the work- 

55 ing range of the objective lens is set. 

[0069] Note that, description below is made regarding 
a case in which the semiconductor laser 64 for DVD is 
started first. However, the invention is not limited to this 
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case, and the semiconductor laser 63 for CD may be 
started first as long as the operation is based on the 
same technical idea. « 
[0070] The working distance of the objective lens 73 
disposed in the optical pickup 60 will be described be- 
fore explanation of the operation of setting the working 
range thereof. As shown in (a) of FIG. 6, when the ob- 
jective lens 73 is focused on the DVD signal surface 32 
of the DVD-SL 30, a distance between a center of the 
objective lens 73 and the beam incident surface 31 a of 
the DVD-SL 30, i.e., a working distance, becomes WD1 
in design. 

[0071] Moreover, as shown in (b) of FIG. 6, when the 
objective lens 73 is focused on the CD signal surface 
12 of the CD 10, a distance between the center of the 
objective lens 73 and the beam incident surface 11a of 
the CD 10, i.e., a working distance, becomes WD2 in 
design. In the case of the CD 10, the objective lens 73 
is raised more by AWD toward the beam incident sur- 
face 1 1 a side of the CD 1 0 than that in the case of the 
DVD-SL 30. 

[0072] Further, as shown in (c) of FIG. 6, when the ob- 
jective lens 73 is focused on the CD signal surface 25 
of the hybrid SACD 20, a working distance is similar to 
that in the case of the CD 1 0. Pulling-in is executed on 
the CD signal surface 25 by the objective lens 73, while 
no pulling-in is executed on the HD signal surface 22 by 
the objective lens 73. 

[0073] Next, description will be made of working 
range setting of the objective lens 73 during focus 
searching with reference to FIGS. 3, 7 and 8. The work- 
ing range setting operation of the objective lens 73 is 
carried out before the optical disc device 50 is shipped 
from a factory. 

[0074] Here, as shown in FIG. 3, during focus search- 
ing executed before the data signal reproducing opera- 
tion of the optica! disc, a focus search driving signal FDS 
is generated by the focus search driving signal genera- 
tion section 51c disposed in the control section 51 , and 
the focus search driving signal FDS is supplied through 
the switch SW2 to the focus coil 75 attached to the lens 
holder 72. Accordingly, the objective lens 73 is driven 
integrally with the lens holder 72 in the focusing direction 
with respect to the optical disc in accordance with the 
focus search driving signal FDS. 
[0075] While the focus search driving signal FDS is 
not applied to the focus coil 75 from the focus search 
driving signal generation section 51c disposed in the 
control section 51 , the objective lens 73 has reached a 
position (natural position) of a lens midpoint as shown 
in FIG. 8. 

[0076] When focus searching is carried out on the op- 
tical disc by the objective lens 73, a laser beam is fo- 
cused on the signal surface of the optical disc in the mid- 
dle of raising or lowering the objective lens 73 placed 
on standby at the lens midpoint between a lower lens 
bottom point and an upper lens top point by a focus 
search driving signal. However, in the case of a consti- 



tution in which the CD 10, the hybrid SACD 20, the 
DVD-SL 30 and the DVD-DL 40 can be selectively load- 
ed, generally, the lens bottom point of the objective lens 
73 is set on a lower position that has more sufficient 

5 room than the working distance WD1 (FIG. 6) for the 
DVD-SL 30, while the lens top point of the objective lens 
73 is set on a position slightly before abutting on the 
beam incident surface of the optical disc. Consequently, 
a moving range of the objective lens 73 is large during 

10 focus searching, thus extending moving time thereof. 
[0077] Therefore, in the present invention, a focus 
search algorithm has been developed to enable quick 
transfer to a data reproducing operation after focus 
searching by setting a moving range of the objective 

15 lens 73 small during focus searching to shorten moving 
time thereof. 

[0078] That is, as shown in FIGS. 7 and 8, in the case 
of setting a moving range of the objective lens 73 during 
focus searching, a temporarily set lens bottom point volt- 

20 age a and a temporarily set lens top point voltage p are 
temporarily set in step S1 In other words, a temporarily 
set lens bottom point corresponding to the temporarily 
set lens bottom point voltage a is temporarily set on a 
position that has more sufficient room than the working 

25 distance WD1 (FIG. 6) for the DVD-SL 30 as in the 
above-described general case. A temporarily set lens 
top point corresponding to the temporarily set lens top 
point voltage p is also temporarily set on a position 
slightly before abutting on the beam incident surface of 

30 the optical disc as in the above-described general case. 
Accordingly, a moving range of the objective lens 73 be- 
comes a large value from the temporarily set lens bot- 
tom point to the temporarily set lens top point during the 
temporary setting. In this event, if a focus search driving 

35 voltage corresponding to the lens midpoint (natural po- 
sition) of the objective lens 73 is a reference voltage 0, 
a voltage value on the lens bottom point side becomes 
minus (-), and a voltage value on the lens top point side 
becomes plus (+). 

40 [0079] Next, in step S2, a reference CD 1 0 is prepared 
first in which a CD signal surface 12 is located at a po- 
sition of about 1 .2 mm from a beam incident surface 11 a. 
The CD 1 0 is loaded on a turntable (not shown) , and the 
semiconductor laser 64 for DVD is started in a nonrotat- 

45 ed state of the CD 10 to irradiate an innermost peripheral 
side of the CD 10 with a laser beam narrowed by the 
objective lens 73 from the beam incident surface 11a 
side of the CD 10. Here, since an all sum signal value 
AS-cd of a return light reflected on the CD signal surface 

50 is used in the case of setting the moving range of the 
objective lens 73, the CD 1 0 in which the CD signal sur- 
face 1 2 has been formed is used as a reference optical 
disc. 

[0080] Next, in step S3, the objective lens 73 placed 
55 on standby at the lens midpoint is lowered to the tem- 
porarily set lens bottom point in accordance with the 
temporarily set lens bottom point voltage a while the CD 
10 in the rotation stopped state is irradiated with a laser 
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beam from the objective lens 73. Then, the objective 
lens 73 is raised from the temporarily set lens bottom 
point toward the temporarily set lens top point in accord- 
ance with the temporarily set lens top point voltage p. 
Note that, an operation opposite to the above is possi- 
ble. That is, the objective lens 73 placed on standby at 
the lens midpoint may be raised to the temporarily set 
lens top point, and then the objective lens 73 may be 
lowered from the temporarily set lens top point toward 
the temporarily set lens bottom point. 
[0081] Next, in step S4, if an all sum signal AS from 
the photodetector signal processing circuit 53 is inputted 
to the arithmetic operation section 51b in the control sec- 
tion 51 to be monitored in the middle of raising the ob- 
jective lens 73, a small all sum signal value AS-beamin 
is first obtained at the position of the beam incident sur- 
face 11a of the CD 10. When the objective lens 73 is 
raised more, a large all sum signal value AS-cd is ob- 
tained at the position of the CD signal surface 1 2. In this 
event, when the large all sum signal value AS-cd is ob- 
tained at the position of the CD signal surface 1 2 of the 
CD 10, it means that the objective lens 73 has been fo- 
cused by keeping a predetermined working distance to 
the beam incident surface 11a of the CD 10. 
[0082] Next, in step S5, the ail sum signal value AS- 
cd obtained at the position of the signal surface 12 is 
inputted to the focus search driving signal generation 
section 51c in the control section 51. A focus search 
driving voltage R corresponding to the all sum signal val- 
ue AS-cd is obtained to be stored in the memory section 
51a in the control section 51 . This focus search driving 
voltage R is used for setting a moving range of the ob- 
jective lens 73 and identifying a type of the optical disc, 
which will be described later. 

[0083] Subsequently, in step S6, the arithmetic oper- 
ation section 51b of the control section 51 calculates a 
lens bottom point voltage y and a lens top point voltage 
6 at the time of starting based on the focus search driving 
voltage R corresponding to the all sum signal value AS- 
cd at the position of the CD signal surface 12 stored in 
the memory section 51a and a predetermined factor by 
using a calculation program from the program section 
51 e of the control section 51 . Then, the lens bottom point 
voltage y and the lens top point voltage 5 at the time of 
starting which have been obtained by a learning effect 
based on the focus search driving voltage R corre- 
sponding to the position of the CD signal surface 1 2 are 
stored in the memory section 51a. 
[0084] Here : in the case of obtaining the lens bottom 
point voltage y and the lens top point voltage 5 at the 
time of starting by calculation, the predetermined factor 
is sensitivity of the focus coil 75, surface wobbling of the 
unillustrated turntable, a surface wobbling permissible 
value of the optical disc or the like. 
[0085] The lens bottom point corresponding to the 
lens bottom point voltage y at the time of starting ob- 
tained by the calculation is nearer to the lens midpoint 
side than the temporarily set lens bottom point corre- 



sponding to the temporarily set lens bottom point volt- 
age a. The lens top point corresponding to the lens top 
point voltage 5 at the time of starting obtained by the 
calculation is nearer to the lens midpoint side than the 
5 temporarily set lens top point corresponding to the tem- 
porarily set lens top point voltage p. Thus, a moving 
range of the objective lens 73 at the time of starting be- 
comes smaller than the temporarily set moving range. 
As a result, time necessary for focus searching is short- 
to ened, and quick transfer can be made to a data repro- 
ducing operation after focus searching. 
[0086] Note that, regarding setting of a working range 
of the objective lens 73, the operation before shipping 
from the factory has been described in this embodiment. 
15 However, a constitution is employed in which changes 
of the optical disc device 50 with time after shipping from 
the factory, characteristics of the optical disc to be used, 
etc., are learned, and a working range of the objective 
lens 73 can be set again automatically based on learn- 
20 ing effects by using, a program of the microcomputer. 
[0087] Next, as shown in FIG. 9, after setting of the 
lens bottom point voltage 7 and the lens top point voltage 
S at the time of starting, a focus search driving voltage 
Q corresponding to an all sum signal value AS-dvd on 
25 a DVD signal surface 32 is obtained by using a reference 
DVD-SL 30 in which the DVD signal surface 32 is locat- 
ed at a position of about 0.6 mm from the beam incident 
surface 31a. The focus search driving voltage Q is 
stored in the memory section 51 a of the control section 
30 51 . This focus search driving voltage Q is used for iden- 
tifying a type of the optical disc, which will be described 
later. 

[0088] Further, a description will be made of opera- 
tions of detecting presence of an optical disc and iden- 
35 tifying a type thereof during focus searching on the op- 
tical disc by the objective lens 73, which are main parts 
of the present invention, with reference to FIGS. 1 0 to 1 6. 
[0089] FIG. 10 is a flowchart (1) of identifying a type 
of an unknown optical disc by starting a semiconductor 

40 laser for DVD first. FIG. 11 is a flowchart (2) of identifying 
the type of the unknown optical disc by starting the sem- 
iconductor laser for DVD first. Fig. 12 is a schematic op- 
eration view explaining a focus searching operation on 
the unknown optical disc by the objective lens. FIG. 13 

45 is a schematic operation view showing the operation of 
identifying the type of the unknown optical disc when 
focus searching is carried out by using the semiconduc- 
tor laser for DVD. FIGS.14A and 14B are schematic 
views for explaining the operation of identifying the type 

50 of the unknown optical disc based on an envelope track 
state of an RF signal: FIG.14A shows a case of a CD 
signal surface of a hybrid SACD, and FIG.14B shows a 
case of a DVD-SL, a DVD-DL. 

[0090] First, when focus searching on the unknown 
55 optical disc by the objective lens 73 is performed, a 
threshold value TH ((b) to (g) of FIG. 13) corresponding 
to an all sum signal value AS-beamin obtained on the 
beam incident surface of the optical disc has been pre- 
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viously stored in the memory section 51a of the control 
section 51 in order to detect whether the unknown opti- 
cal disc has been loaded in the optical disc device 50 • 
(detection of presence of optical disc). The threshold 
value TH is preset to be smaller than the all sum signal < 5 
value AS-beamin obtained on the beam incident surface 
of the optical disc. 

[0091] An all sum signal value AS-cdref for CD signal 
surface reference is previously stored in the memory 
section 51 of the control section 51 to identify a CD sig- 10 
nal surface 12 of the CD 10 or a CD signal surface 25 
of the hybrid SACD 20 as a CD. The all sum signal value 
AS-cdref for the CD signal surface reference is smaller 
than the all sum signal value AS-cd obtained on each of 
the CD signal surface 1 2 of the CD 1 0 and the CD signal 1 5 
surface 25 of the hybrid SACD 20, and usually larger 
than a value of an all sum signal obtained on a signal 
surface of the other optical disc excluding the CD signal 
surface 12 of the CD 10 and the CD signal surface 25 
of the hybrid SACD 20. 20 
[0092] Moreover, in order to identify the type of the 
unknown optical disc, in the memory section 51a of the 
control section 51 , a threshold value FETH (not shown) 
for detecting a reflectance of the signal surface of the 
optical disc by using a focus error signal FE and a 25 
threshold value EVTH (FIGS. 14A and 14B) for detect- 
ing an envelope track state of a data reproducing signal 
RF are previously stored. 

[0093] Furthermore, the lens bottom point voltage y 
and the lens top point voltage 5 at the time of starting 30 
obtained by calculation as described above, the focus 
search driving voltage Q corresponding to the all sum 
signal value AS-dvd on the DVD signal surface 32 ob- 
tained by using the reference DVD-SL 30, and the focus 
search driving voltage R corresponding to the all sum 35 
signal value AS-cd on the CD signal surface 1 2 obtained 
by using the reference CD 10 are previously stored in 
the memory section 51a of the control section 51 . 
[0094] Here : in the present invention, the semicon- 
ductor laser 64 for DVD is started first in order to identify 40 
the type of the unknown optical disc as described above. 
Thus, the operation of identifying the type of the un- 
known optical disc by using the semiconductor laser 64 
for DVD will be described first, and the operation of iden- 
tifying the type of the unknown optical disc by using the *s 
semiconductor laser 63 for CD will be described later as 
a modified example of the invention. 
[0095] First, as shown in FIG. 10, in step S11 , an op- 
tical disc whose type is unknown is loaded on the unil- 
lustrated turntable. Without rotating the unknown optical so 
disc, the semiconductor laser 64 for DVD is started to 
irradiate an innermost peripheral side of the optical disc 
with a laser beam from a beam incident surface side. 
[0096] Next, in step S12, the laser beam from the 
semiconductor laser 64 for DVD is narrowed by the ob- 55 
jective lens 73. The objective lens 73 is lowered from a 
lens midpoint ( I of FIG. 12) to a lens bottom point ( II of 
FIG. 12) corresponding to the lens bottom point voltage 



y at the time of starting as shown in FIG. 12 and FIG. 13 
while the unknown optical disc of a rotation stopped 
state is irradiated with a laser beam whose wavelength 
is near 650 nm from the objective lens 73. Then, the 
objective lens 73 is raised to a lens top point (V of FIG. 
1 2) corresponding to the lens top point voltage 5 at the 
time of starting. While raising the objective lens 73, an 
all sum signal AS from the photodetector signal process- 
ing circuit 53 is inputted to the arithmetic operation sec- 
tion 51b of the control section 51 to be monitored. Note 
that, an operation opposite to the above is possible. That 
is, the objective lens 73 placed on standby at the lens 
midpoint is raised to the lens top point, and then lowered 
from the lens top point toward the lens bottom point. 
[0097] Next, in step S1 3, presence of an unknown op- 
tical disc is detected while raising the objective lens 73. 
The detection of optical disc presence is carried out by 
obtaining an all sum signal value AS-beamin ( III of FIG. 
12) obtained on the beam incident surface of the un- 
known optical disc while raising the objective tens 73, 
and making comparison at the arithmetic operation sec- 
tion 51b of the control section 51 to determine whether 
the all sum signal value AS-beamin is larger than the 
threshold value TH ((b) to (g) of FIG. 13) previously 
stored in the memory section 51a of the control section 
51 . Here, when the disc is determined not to be present 
(NO), the focus searching is canceled in step S14. 
[0098] Incidentally, when the disc is determined not to 
be present (NO) in step S1 3, instead of immediately pro- 
ceeding to step S14, by raising the objective lens 73 to 
the lens top point, and then by shifting the objective lens 
73 slightly to a position from the innermost peripheral 
side toward the outer peripheral side, detection of opti- 
cal disc presence can be carried out more surely. Fur- 
ther, when the disc is determined not to be present (NO) 
in step S13, a return light from the optical disc by the 
semiconductor laser 64 for DVD may have low sensitiv- 
ity to the recordable CD-R, CD-RW. In this case, the 
semiconductor laser is switched to the semiconductor 
laser 63 for CD to carry out detection of optical disc pres- 
ence again. Accordingly, the detection of optical disc 
presence can carried out more surely. 
[0099] On the other hand, when presence of an opti- 
cal disc is determined (YES) in step S1 3, a focus search 
driving voltage X corresponding to the all sum signal val- 
ue AS-beamin obtained on the beam incident surface of 
the unknown optical disc is obtained by the focus search 
driving signal generation section 51c of the control sec- 
tion 51 in step S15. This focus search driving voltage X 
is stored in the memory section 51a of the control sec- 
tion 51 . 

[0100] Next, in step S16, the objective lens 73 is 
raised to obtain an all sum signal value AS-max (IV of 
FIG.1 2 ) obtained on the signal surface of the unknown 
optical disc and a focus search driving voltage Y corre- 
sponding to the all sum signal value AS-max by the fo- 
cus search driving signal generation section 51c of the 
control section 51 . The focus search driving voltage Y 
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is stored in the memory section 51 a of the control sec- 
tion 51 . 

[0101] Next, as shown in FIG. 11 , in step S17, in order » 
to identify a type of the unknown optical disc, an all sum 
signal value AS-max of a return light reflected on the 
signal surface of the unknown optical disc is determined 
by the following expression (1), and a distance from a 
lens midpoint to the signal surface of the unknown op- 
tical disc is determined with the lens midpoint (natural 
position) of the objective lens 73 set as a reference by 
the following expression (2). 

As-max > AS-cdref (1) 

where 

AS-max: all sum signal value on the signal surface 
of the unknown optical disc 

AS-cdref: all sum signal value for CD signal surface 
reference preset to identify the CD 10 and the hybrid 
SACD 20 as a CD based on respective CD signal 
surfaces 12, 25 thereof 

Y > {(Q+2R)/3} (2) 

where 

Y: focus search driving voltage corresponding 
to the all sum signal value AS-max on the signal 
surface of the unknown optical disc 
Q: focus search driving voltage corresponding 
to the all sum signal value AS-dvd on the DVD 
signal surface of the reference DVD 
R: focus search driving voltage corresponding 
to the all sum signal value AS-cd on the CD sig- 
nal surface of the reference CD 

[0102] In the expression (1), the all sum signal value 
AS-max is obtained in step S1 6, while the all sum signal 
value for the CD signal surface reference AS-cdref is 
previously stored in the memory section 51 a of the con- 
trol section 51 before shipping of the optical disc device 
50 as described above. 

[0103] In this event, when the expression (1) is satis- 
fied, the all sum signal value AS-max on the signal sur- 
face of the unknown optical disc is larger than the preset 
all sum signal value for the CD signal surface reference 
AS-cdref. However, it is impossible to determine that the 
signal surface of the unknown optical disc is the signal 
surface 1 2 of the CD 1 0 or the signal surface 25 of the 
hybrid SACD only by the expression (1 ). A reason is that 
the expression (1) may be satisfied even by the other 
type of an optical disc such as a high -reflection DVD to 
be described later. Hence, determination by the expres- 
sion (2) becomes necessary. 

[0104] That is, in the expression (2), the focus search 



driving voltage Y is obtained in step S16. On the other 
hand, the focus search driving voltage Q has been ob- 
tained beforehand from the reference DVD-SL 30 be- 
fore the shipping of the optical disc device 50, and the 

5 focus search driving voltage R has been obtained be- 
forehand from the reference CD 10 before the shipping 
of the same. Then, both focus search driving voltages 
Q and R has been previously stored in the memory sec- 
tion 51 a of the control section 51 . 

10 [0105] In the determination of the expression (2), the 
lens midpoint (natural position) of the objective lens 73 
is set as the reference, and the distance from the lens 
midpoint to the signal surface of the unknown optical 
disc is converted into the focus search driving voltage. 

is Then, when the expression (2) is satisfied, the objective 
lens 73 is focused on the signal surface of the unknown 
optical disc, and the focus search driving voltage value 
Y corresponding to the signal surface is larger than the 
focus search driving voltage {(Q+2R)/3) corresponding 

20 to the distance from the lens midpoint of the objective 
lens 73 to the CD signal surface 1 2 of the reference CD 
10. Accordingly, the signal surface of the unknown op- 
tical disc is regarded as the signal surface 12 of the CD 
10 or the signal surface 25 of the hybrid SACD. 

25 [0106] Thus, when the expressions (1) and (2) are 
satisfied (YES), in step S18, the unknown optical disc is 
identified as a CD by the optical disc type identification 
section 51 d of the control section 51 . In this case, the 
unknown optical disc is the CD 10 shown in (b) of FIG. 

30 13 or the hybrid SACD 20 shown in (d) of FIG. 13. Es- 
pecially, since the hybrid SACD 20 is identified simply 
as a CD to enable playing-back of only the CD signal 
surface 25 thereof, no HD signal processing section for 
processing the HD signal surface 22 of the hybrid SACD 

35 20 needs to be disposed in the RF signal demodulation 
circuit 56 (FIG. 3). Accordingly, the optical disc device 
50 can be provided inexpensively. Subsequently, when 
the disc is identified as a CD, the processing moves to 
step S22. 

40 [01 07] On the other hand, when neither of the expres- 
sions (1) and (2) are satisfied (NO), in step S19, a dis- 
tance from the beam incident surface of the unknown 
optical disc to the signal surface is determined by the 
following expression (3) in order to identify a type of the 

45 unknown optical disc. 

(Y-X)>{5x(R-Q)/3} (3) 

50 where 

Y: focus search driving voltage corresponding to the 
all sum signal value AS-max on the signal surface 
of the unknown optical disc 
55 X: focus search driving voltage corresponding to the 
all sum signal value AS-beamin on the beam inci- 
dent surface of the unknown optical disc 
R: focus search driving voltage corresponding to 
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the all sum signal value AS-cd on the CD signal sur- 
face of the reference CD 

Q: focus search driving voltage corresponding to 
the all sum signal value AS-dvd on the DVD signal 
surface of the reference DVD 

[0108] In the expression (3), the focus search driving 
voltage Y is obtained in step S 1 6, and the focus search 
driving voltage X is obtained in step S15. Moreover, the 
focus search driving voltages R and Q are similar to 
those of the expression (2). 

[0109] In this case, when the expression (3) is satis- 
fied (YES), while a result of determination in step S17 
shows that the all sum signal value AS-max on the signal 
surface of the unknown optical disc is smaller than the 
all sum signal value for the CD signal surface reference 
AS-cdref, the focus search driving voltage value (Y-X) 
corresponding to the distance from the beam incident 
surface of the unknown optical disc to the signal surface 
is larger than the focus search driving voltage value {5x 
(R-Q )/3} corresponding to the distance from the beam 
incident surface 11a of the reference CD 10 to the CD 
signal surface 12. Thus, a position of the signal surface 
of the unknown optical disc is considered to be equal to 
that of the signal surface 12 of the CD 10. As a result, 
the unknown optical disc is identified as a CD by the 
optical disc type identification section 51 d of the control 
section in step S20. In this case, the unknown optical 
disc is the CD-R or CD-RW shown in (c) of FIG. 13, and 
then the processing moves to step S22. 
[01 10] On the other hand, when the expression (3) is 
not satisfied (NO), in step S21 , the unknown optical disc 
is identified as a DVD by the optical disc type identifica- 
tion section 51 d of the control section 51 . In this case, 
the unknown optical disc is the DVD-SL 30 shown in (e) 
and (f) of FIG. 1 3 or the DVD-DL 40 shown in (g) of FIG. 
13. 

[0111] Then, when the unknown optical disc is iden- 
tified as a CD in step S18 or step S20, the optical disc 
is subsequently rotated at a high speed by the unillus- 
trated spindle motor in step S22, and the semiconductor 
laser 64 for DVD is switched to the semiconductor laser 

63 for CD. 

[0112] Meanwhile, when the unknown optical disc is 
identified as a DVD in step S21 , the optical disc is rotat- 
ed at a high speed by the unillustrated spindle motor in 
step S23, and the operation of the semiconductor laser 

64 for DVD is continued. In this event, after the all sum 
signal value AS-max (IV of FIG. 1 2) on the signal surface 
of the unknown optical disc is obtained, the optical disc 
is rotated at a high speed while raising the objective lens 
73 toward the lens top point (V of FIG. 12). 

[0113] The aforementioned steps S15 to S23 are 
characterized in that the unknown optical disc is identi- 
fied as a CD or a DVD by using the all sum signal value 
AS-max obtained on the signal surface of the unknown 
optical disc, the all sum signal value for the CD signal 
surface reference AS-cdref preset to identify the CD 1 0 



and the hybrid SACD 20 as a CD based on respective 
CD signal surfaces 1 2, 25 thereof, the focus search driv- 
ing voltage X obtained by corresponding to the beam 
incident surface of the unknown optical disc, the focus 

5 search driving voltage Y obtained by corresponding to 
the signal surface of the unknown optical disc, the focus 
search driving voltage Q previously stored correspond- 
ing to the DVD signal surface 32 of the reference 
DVD-SL 30, and the focus search driving voltage R pre- 

10 viously stored corresponding to the CD signal surface 
12 of the reference CD 10. In order to further improve 
accuracy of the type identification of the unknown optical 
disc : steps S24 to S35 described below are used to iden- 
tify a high reflection DVD or a low reflection DVD, a high 

15 reflection CD or a low reflection CD. 

[0114] That is, when the unknown optical disc is iden- 
tified as a DVD in step S21 , in step S24, a peak to peak 
(p-p) value of a focus error signal FE obtained in the 
photodetector signal processing circuit 53 is fetched into 

20 the arithmetic operation section 51b of the control sec- 
tion 51 . The p-p value of the focus error signal FE is 
compared with athreshold value FETH (not shown) pre- 
viously stored in the memory section 51a of the control 
section 51 to determine a gain based on the focus error 

25 signal FE. In this event, the gain determination based 
on the focus error signal FE is carried out between VI 
and VII of FIG.12^ 

[0115] When the p-p value of the focus error signal 
FE is larger than the threshold value FETH, a gain is 

30 maintained for the signal system of the photodetector 
signal processing circuit 53 in step S25 to proceed to 
step S27. Subsequently, pulling-in of the objective lens 
73 is started at timing of VIII of FIG. 12. On the other 
hand, when the p-p value of the focus error signal FE is 

35 smaller than the threshold value FETH, a gain-up com- 
mand signal GUP (FIG. 3) is sent from the control sec- 
tion 51 to the photodetector signal processing circuit 53 
to increase the gain (gain-up) for the signal system in 
step S26, and the processing moves to step S28. Sub- 

40 sequently, the pulling-in of the objective lens 73 is start- 
ed at timing of VIII of FIG. 12. 

[0116] Next, in steps S27 and S28, envelope deter- 
mination is carried out for a data reproducing signal RF 
obtained in the photodetector signal processing circuit 
45 53 mainly to identify a high reflection DVD or a low re- 
flection DVD, and to detect a CD mistakenly determined 
to be a DVD for one reason or another while the un- 
known optical disc is a CD. 

[0117] Here, in the envelope determination of the data 
so reproducing signal RF, when the CD signal surface 12 
of the CD 10 or the CD signal surface 25 of the hybrid 
SACD is played back as shown in FIG.1 4A, a track pitch 
of each of the signal surfaces 12, 25 is wide, i.e. ,1.6 
pm. Accordingly, a peak and bottom waveform conspic- 
55 uously appears for each crossing of a track in the enve- 
lope of the RF signal , and a pulse waveform can be gen- 
erated for the peak and bottom waveform by using the 
threshold value EVTH previously stored in the memory 
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section 51a of the control section 51 As a result, the 
unknown optical disc can be identified as a CD. 
[0118] On the other hand, when the DVD signal sur- • 
face 32 of the DVD-SL 30 or the first and second DVD 
signal surfaces 42, 45 of the DVD-DL 40 are played back 
as shown in FIG.14B, a track pitch of each of the signal 
surfaces 32, 42 and 45 is narrower and denser, i.e., 0.8 
nm, compared with the CD. Accordingly, no peak and 
bottom waveform appears at crossing of a track in the 
envelope of the RF signal. Thus, since no pulse wave- 
form is generated even when the threshold value EVTH 
is used, the unknown optical disc can be identified as a 
DVD. 

[0119] Therefore, if gain maintenance is determined 
forthe signal system in step S25, and RF signal envelop 
determination is carried out in step S27, the processing 
moves to step S22 when a disc is identified as a CD. 
When a disc is identified as a DVD, in step S29 , the disc 
can be identified as a read-only DVD-SL 30 or DVD-R 
(not shown) in which a signal layer is one layer and a 
reflectance is high as shown in (e) of FIG. 13. 
[01 20] On the other hand, when gain-up is determined 
for the signal system in step S26, and RF signal enve- 
lope determination is carried out in step S28, the 
processing moves to step S22 when a disc is identified 
as a CD. When the disc is identified as a DVD, in step 
S30, the disc can be identified as a recordable DVD-SL 
30 (DVD-RW) in which a signal layer is one layer and a 
reflectance is low as shown in (f) of FIG. 1 3, or a DVD-DL 
40 in which a signal layer is constituted of two layers 
and a reflectance is low as shown in (g) of FIG. 13. 
[01 21 ] Additionally, when the disc is identified as the 
CD 10 or the hybrid SACD 20 among CDs in step S18, 
or when the disc is identified as CD-R or the CD-RW 
among CDs in step S20, the optical disc is rotated at a 
high speed in step S22; the semiconductor laser 64 for 
DVD is switched to the semiconductor laser 63 for CD, 
and then gain determination is carried out for the optical 
disc based on a focus error signal FE similarly to the 
above-described case in step S31 ; gain maintenance is 
determined for the signal system in step S32 when a p- 
p value of the focus error signal FE is larger than the 
threshold value FETH; and gain-up is determined for the 
signal system in step S33 when the p-p value of the fo- 
cus error signal FE is smaller than the threshold value 
FETH. Thus, when the gain maintenance is determined 
in step S32 , the disc can be identified as a high reflection 
CD in step S34. The high reflection CD includes the CD 
10, the hybrid SACD 20, and the CD-R. On the other 
hand, when the gain-up is determined in step S33, the 
disc can be identified as a low reflectance CD in step 
S35. The low reflectance CD includes the CD-RW. 
[01 22] Next, brief description will be given of an oper- 
ation of identifying a type of an unknown optical disc by 
using the semiconductor laser 63 for CD, as modified 
example of the present invention with reference to FIGS. 
15 to 17. 

[0123] FIG. 15 is a flowchart (1) of identifying a type 



of an unknown optical disc by staring the semiconductor 
laser for CD first. FIG.16 is a flowchart (2) of identifying 
the Jype of the unknown optical disc by starting the sem- 
iconductor laser for CD first. FIG. 17 is a flowchart (3) of 
5 identifying the type of the unknown optical disc by start- 
ing the semiconductor laser for CD first. 
[0124] In the case of identifying the type of the un- 
known optical disc by starting the semiconductor laser 
63 for CD first, a technical idea thereof is similar to that 
w of identifying the type of the unknown optical disc by 
staring the semiconductor laser 64 for DVD first. How- 
ever, since especially a recordable optical disc that uses 
dyes has wavelength dependence in response to a laser 
beam, if the semiconductor laser 63 for CD is activated, 
15 a result of identification is different from that of the sem- 
iconductor laser 64 for DVD. Description of the modified 
example will focus on differences from the case of start- 
ing the semiconductor laser 64 for DVD first. 
[0125] To begin with, as shown in FIG. 15, only step 
20 S41 among operations of steps S41 to S46 is different 
from the steps S11 to S16 shown in FIG. 10, in which 
the semiconductor laser 64 for DVD is started first, in 
that the semiconductor laser 63 for CD emitting a laser 
beam having a wavelength of near 780 nm is started 
25 first. In the middle of raising the objective lens 73 from 
the lens bottom point toward the lens top point in step 
S42 : detection of optical disc presence (step S43), ac- 
quisition of a focus search driving voltage X correspond- 
ing to an all sum signal value AS-beamin obtained on 
30 the beam incident surface of the unknown optical disc 
(step S45), and acquisition of an all sum signal value 
AS-max obtained on the signal surface of the unknown 
optical disc and a focus search driving voltage Y corre- 
sponding to the all sum signal value AS-max (step S46) 
35 are sequentially carried out. 

[0126] Subsequently, as shown in FIG.16, in step 
S47. in accordance with the wavelength dependence of 
the semiconductor laser 63 for CD on the optical disc, 
an all sum signal value AS-cdref for CD signal surface 
40 reference itself for identifying the CD 10, the hybrid 
SACD, and CD-R as a CD based on the CD signal sur- 
face 12 of the CD 10, the CD signal surface 25 of the 
hybrid SACD 20 or the CD signal surface (not shown) 
of the CD-R is preset by making a slight change from 
45 the case of the semiconductor laser 64 for DVD. Thus, 
when all sum signal value-AS-max-determination of a 
return light reflected on the signal surface of the un- 
known optical disc is carried out by the expression (1), 
and distance determination from the lens midpoint to the 
50 signal surface of the unknown optical disc with the lens 
midpoint (natural position) of the objective lens 73 set 
as a reference is carried out by the expression (2), if the 
expressions (1) and (2) are both satisfied (YES), the un- 
known optical disc is identified as a CD by the optical 
55 disc type identification section 51 d of the control section 
51 in step S48. In this case, however, a difference from 
the case of starting the semiconductor laser 64 for DVD 
first is that the unknown optical disc is the CD 1 0 shown 
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in (b) of FIG. 13 or the hybrid SACD 20 shown in (d) of 
FIG. 13, and a CD-R is included. 

[0127] Next, assuming that neither of the expressions 
(1) and (2) are satisfied (NO), if the expression (3) is 
satisfied (YES) when distance determination from the 5 
beam incident surface of the unknown optical disc to the 
signal surface is carried out by the expression (3) in step 
S49, the unknown optical disc is identified as a CD by 
the optical disc type identification section 51 d of the con- 
trol section 51 in step S50. In this case, however, a dif- 10 
ference from the case of starting the semiconductor la- 
ser 64 for DVD first is that the unknown optical disc is 
only a CD-RW. 

[0128] On the other hand, if the expression (3) is not 
satisfied (NO), the unknown optical disc is identified as 15 
a DVD by the optical disc type identification section 51 d 
of the control section 51 in step S51 . In this case, the 
unknown optical disc is the DVD-SL 30 shown in (e) and 
(f) of FIG. 13, or the DVD-DL 40 shown in (g) of FIG. 13, 
which is similar to the case of starting the semiconductor 20 
laser 64 for DVD first. 

[0129] Subsequently, the optical disc identified to be 
the DVD in step S51 is rotated at a high speed in step 
S54, and the semiconductor laser 63 for CD is switched 
to the semiconductor laser 64 for DVD to carry out gain 25 
determination for the optical disc identified to be the 
DVD based on a focus error signal FE (step S55) as 
shown in FIG. 1 7. After the operation is divided into gain 
maintenance for the signal system (step S56) and gain- 
up for the signal system (step S57), envelope determi- 30 
nation is carried out for data reproducing signals RF 
(steps S58, S59). Accordingly, as in the case of staring 
the semiconductor laser 64 for DVD first, a high reflec- 
tion DVD (DVD-SL/DVD-R) is identified in step S60, 
while a low reflection DVD (DVD-DL/DVD-RW) is iden- 35 
tified in step S61 as shown in FIG. 17. 
[0130] Further, a CD mistakenly determined to be a 
DVD for one reason or another while the unknown op- 
tical disc is a CD is detected in the envelope determina- 
tion of the data reproducing signals RF (steps S58, 40 
S59). Here, if it is detected to be a CD, the semiconduc- 
tor laser 64 for DVD is switched to the semiconductor 
laser 63 for CD in step S62. Gain determination is car- 
ried out again based on the focus error signal FE in step 
S63. The processing moves to step S64 (described lat- 45 
er) if a result of the gain determination shows gain main- 
tenance for the signal system. On the other hand, the 
processing moves to step S66 (described later) if gain- 
up is determined for the signal system. 
[0131] Additionally, if the CD 10, the hybrid SACD 20 50 
or the CD-R is identified among CDs in step S48, the 
optical disc is rotated at a high speed in step S52. If the 
CD-RW is identified among CDs in step S50, the optical 
disc is rotated at a high speed in step S53. 
[01 32] Subsequently, gain maintenance for the signal 55 
system is carried out for the optical disc identified to be 
the CD 1 0, the hybrid SACD 20 orthe CD-R among CDs 
in step S64. If a high reflection CD is identified in step 



S65 : this high reflection CD includes the CD 1 0, the hy- 
brid SACD 20 and the CD-R. 

[0133] On the other hand, gain-up for the signal sys- 
tem is carried out for the optical disc identified to be the 
CD-RW in step S66. If a low reflection CD is identified ^ 
in step S67, this low reflection CD includes only the 
CD-RW. 

[0134] As apparent from the foregoing, irrespective of 
the semiconductor laser 64 for DVD or the semiconduc- 
tor laser 63 for CD, after the high reflection DVD or the 
low reflection DVD, the high reflection CD orthe low re- 
flection CD are identified, it is possible to quickly carry 
out switching of the semiconductor laser and processing 
of the signal system at a high speed in accordance with 
the result of identification. 

[0135] According to the type identification method of 
the optical disc and the optical disc device of the present 
invention which have been described in detail, in the 
constitution in which the CD (Compact Disc) : the hybrid 
SACD (Super Audio CD) and the DVD (Digital Versatile 
Disc) among optical discs can be selectively loaded, the 
unknown optical disc is identified as a CD especially 
when the all sum signal value AS-max on the signal sur- 
face of the unknown optical disc by the photodetector is 
larger than the all sum signal value for the CD signal 
surface reference AS-cdref for identifying the CD and 
the hybrid SACD as a CD based on the respective CD 
signal surfaces thereof, and the focus search driving 
voltage Y corresponding to the signal surface of the un- 
known optical disc is larger than the voltage value ob- 
tained by the predetermined relational expression be- 
tween the focus search driving voltage Q corresponding 
to the DVD signal surface of the reference DVD and the 
focus search driving voltage R corresponding to the CD 
signal surface of the reference CD. Thus, the hybrid 
SACD that has an HD signal surface and a CD signal 
surface can be identified as simply a CD. As a result, 
since only two types, i.e. , the CD signal processing sec- 
tion and the DVD signal processing section, need to be 
prepared in the RF signal demodulation circuit, it is pos- 
sible to provide the optical disc device inexpensively. 
[0136] It should be understood that many modifica- 
tions and adaptations of the invention will become ap- 
parent to those skilled in the art and it is intended to en- 
compass such obvious modifications and changes in 
the scope of the claims appended hereto. 



Claims 

1 . A method of identifying a type of an optical disc (10, 
20, 30, 40) loaded in an optical disc device (50) that 
enables selective loading of a CD (Compact Disc), 
a hybrid SACD (Super Audio CD) and a DVD (Dig- 
ital Versatile Disc) among optical discs, wherein the 
type of the optical disc is identified by irradiating an 
optical disc of an unknown type with a laser beam 
through an objective lens (73) from a beam incident 
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surface (1 1 a, 21 a, 31 a, 41 a) side, receiving a return 
light from a signal surface (12, 22, 25, 32, 42, 45) 
of the unknown optical disc in a plurality of photo- » 
detection areas (65-70) of a photodetector in the 
middle of raising or lowering the objective lens (73) i 
placed on standby at a lens midpoint between a low- 
er lens bottom point and an upper lens top point 
based on a focus search driving signal during focus 
searching, and adding all photodetection amounts 
of the plurality of photodetection areas, the method i 
comprising the steps of: 

presetting and storing an all sum signal value 
(AS-cdref) for CD signal surface reference for 
identifying the CD (10) and the hybrid SACD 
(20) as a CD based on respective CD signal 
surfaces (12, 25) thereof; 
acquiring a focus search driving voltage (Q) 
corresponding to a DVD signal surface (32, 42) 
to previously store the same when a reference 
DVD is used and a return light from the DVD 
signal surface (32, 42) thereof located at a po- 
sition of about 0.6 mm from the beam incident 
surface (31a, 41a) thereof is received by the 
photodetector; 

acquiring a focus search driving voltage (R) 
corresponding to a CD signal surface (12, 25) 
to previously store the same when a reference 
CD is used and a return light from the CD signal 
surface (12, 25) thereof located at a position of 
about 1 .2 mm from the beam incident surface 
(11a 21a) thereof is received by the photode- 
tector; 

acquiring an all sum signal value (AS-max) by 
the photodetector on the signal surface of the 
unknown optical disc, and comparing the all 
sum signal value (AS-max) with the all sum sig- 
nal value (AS-cdref) for the CD signal surface 
reference; 

acquiring a focus search driving voltage (Y) cor- 
responding to the signal surface of the un- 
known optical disc when the return light from 
the signal surface thereof is received by the 
photodetector, and comparing the focus search 
driving voltage (Y) with a voltage value ac- 
quired by a predetermined relational expres- 
sion between the focus search driving voltage 
(Q) and the focus search driving voltage (R); 
and 

identifying the unknown optical disc as a CD 
when the all sum signal value (AS-max) is larg- 
er than the all sum signal value (AS-cdref) for 
the CD signal surface reference, and the focus 
search driving voltage (Y) is largerthan the volt- 
age value acquired by the predetermined rela- 
tional expression. 

2. A method according to claim 1 , 



wherein the unknown optical disc is identified 
as a CD when AS-max > AS-cdref and Y > (Q+2R) 
. /3 are satisfied. 

An optica! disc device (50) in which a CD (Compact 
Disc), a hybrid SACD (Super Audio CD) and a DVD 
(Digital Versatile Disc) among optical discs (1 0, 20, 
30, 40) are selectively loaded, and a type of an op- 
tical disc is identified by irradiating an optical disc 
of an unknown type with a laser beam through an 
objective lens (73) from a beam incident surface 
(11a, 21a, 31a, 41a) side, receiving a return light 
from a signal surface (12, 22, 25, 32, 42, 45) of the 
unknown optical disc in a plurality of photodetection 
areas (65-70) of a photodetector in the middle of 
raising or lowering the objective lens (73) placed on 
standby at a lens midpoint between a lower lens 
bottom point and an upper lens top point based on 
a focus search driving signal during focus search- 
ing, and adding all photodetection amounts of the 
plurality of photodetection areas, the device com- 
prising: 

focus search driving signal generation means 
(51c) for receiving respective return lights from 
a DVD signal surface (32, 42) located at a po- 
sition of about 0.6 mm from the beam incident 
surface (31a, 41a) by using a reference DVD, 
from a CD signal surface (12, 25) located at a 
position of about 1 .2 mm from the beam inci- 
dent surface (11a, 21a) by using a reference 
CD, andfrom the signal surface of the unknown 
optical disc by the photodetector, and acquiring 
focus search driving voltages (Q, R and Y) cor- 
responding to the respective signal surfaces; 
photodetectorsignal processing means (53) for 
acquiring an all sum signal value (AS-max) by 
the photodetector on the signal surface of the 
unknown optical disc; 

storing means (51a) for prestoring an all sum 
signal value (AS-cdref) for CD signal surface 
reference preset for identifying the CD (1 0) and 
the hybrid SACD (20) as a CD based on respec- 
tive CD signal surfaces (1 2, 25) thereof, the fo- 
cus search driving voltage (Q) corresponding 
to the DVD signal surface (32, 42) of the refer- 
ence DVD, and the focus search driving voltage 
(R) corresponding to the CD signal surface (12, 
25) of the reference CD; 

arithmetic operation means (51b) for compar- 
ing the all sum signal value (AS-max) with the 
all sum signal value (AS-cdref) forthe CD signal 
surface reference, and comparing the focus 
search driving voltage (Y) corresponding to the 
signal surface of the unknown optical disc with 
a voltage value acquired by a predetermined 
relational expression between the focus search 
driving voltage (Q) and the focus search driving 



16 



1 46061 8A2J_> 



31 



EP 1 460 618 A2 



voltage (R); and 

optical disc type identification means (51 d) for 
identifying the unknown optical disc as- a CD 
when the all sum signal value (AS-max) is larg- 
er than the all sum signal value (AS-cdref) for 5 
the CD signal surface reference, and the focus 
search driving voltage (Y) is largerthan the volt- 
age value acquired by the predetermined rela- 
tional expression. 

10 

The optical disc device according to claim 3, 

wherein the unknown optical disc is identified 
as a CD when AS-max > AS-cdref and Y > (Q+2R) 
/3 are satisfied. 
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FIG. 1A 

PRIOR ART 



FIG. IB 

PRIOR ART 



FIG. 1C 

PRIOR ART 
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FIG. 7 



ui nw OF SETTING WORKING RANGE OF \ 

SukSve Tusns by using reference CD J 
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SI 



TEMPORARILY SET LENS BOTTOM POINT 
^™r^AND TEMPORARILY SET LENS 
^^£j^^£ARE TEMPORARILY SET 



I 



S2 



REFERENCE CD 10 IS LOADED ON TURNTABLE, 
A>TO rRRADIATED WITH LASER BEAM 
WITHOUT BEING ROTATED 



I 



S3 



rroTcmVF LENS 73 IS LOWERED FROM LENS 
SSSotTO rTE^RARJDLY SET LENS BOTTOM 
P^SX AND THEN RAISED TOWARD 
TEMPORARILY SET LENS TOP POINT 



I 



S4 



ALL SUM SIGNAL VALUE AS^e^ AT POSITION 
OF BEAM INCIDENT SURFACE 11a OF CD 10, 
AND MX SUMSIGNAL VALUE AS-cd AT POSITION 
OF^SIGNAL SUMACH 12 ARE ACQUIRED 



T 



S5 



SSSSi VALUE 
AS-cd IS ACQUIRED 



S6 



y pvrc BOTTOM POINT VOLTAGE T AND LENS TOP 
POTNT VOLTAGE 5 AT TIME OF STARTING ARE 
CALCULATED TO BE ACQUIRED BY USING 
CALCULATION PROGRAM BASED ON FOCUS 
SEARCTDRTVTNG VOLTAGE R CORRESPONDING 
TO ALL SUM SIGNAL VALUE AS-cd 



BNSDOCID <EP 1 46061 8A2_L> 



24 



EP 1 460 618 A2 




FOCUS SEARCH DRIVING VOLTAGE 
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FIG. 10 



FLOW OF IDENTIFYING TYPE OF UNKNOWN 
OPTICAL DISC BY STARTING 
SEMICONDUCTOR LASER FOR DVD FIRST 



Sll 



UNKNOWN OPTICAL DISC IS LOADED ON 
TURNTABLE AND IRRADIATED WITH LASER 
BEAM WHOSE WAVELENGTH IS NEAR 
650 nm WITHOUT BEING ROTATED 



S12 



OBJECTIVE LENS 73 IS LOWERED FROM 
LENS MIDPOINT TO LENS BOTTOM POINT, 
AND THEN RAISED TOWARD 
LENS TOP POINT 
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FOCUS SEARCHING 
IS CANCELED 



S15 — 



ACQUISITION OF FOCUS SEARCH DRIVING 
VOLTAGE X CORRESPONDING TO ALL SUM 
SIGNAL VALUE AS-beamin ON BEAM INCIDENT 
SURFACE OF UNKNOWN OPTICAL DISC 



S16 — 



ACQUISITION OF ALL SUM SIGNAL 
VALUE AS-max ON SIGNAL SURFACE OF 
UNKNOWN OPTICAL DISC, AND ACQUISITION 
OF FOCUS SEARCH DRIVING VOLTAGE Y 
CORRESPONDING TO ALL SUM SIGNAL 
VALUE AS-max 
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FIG. 13 



FOCUS SEARCHING WHEN SEMICONDUCTOR 
LASER FOR DVD IS USED = 



RISING SECTION OF 
OBJECTIVE LENS 73 
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REFLECTION DVD-SL 30 IN 
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FIG. 15 



'FLOW OF IDENTIFYING TYPE OF UNKNOWN 
OPTICAL DISC BY STARTING 
SEMICONDUCTOR LASER FOR CD FIRST 



S41 — 



UNKNOWN OPTICAL DISC IS LOADED ON 
TURNTABLE AND IRRADIATED WITH LASER 
BEAM WHOSE WAVELENGTH IS NEAR 
780 nm WITHOUT BEING ROTATED 
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OBJECTIVE LENS 73 IS LOWERED FROM 
LENS MIDPOINT TO LENS BOTTOM POINT, 
AND THEN RAISED TOWARD 
LENS TOP POINT 
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FOCUS SEARCHING 
IS CANCELED 



S45 — 



ACQUISITION OF FOCUS SEARCH DRIVING 
VOLTAGE X CORRESPONDING TO ALL SUM 
SIGNAL VALUE AS-beamin ON BEAM INCIDENT 
SURFACE OF UNKNOWN OPTICAL DISC 
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ACQUISITION OF ALL SUM SIGNAL 
VALUE AS-max ON SIGNAL SURFACE OF 
UNKNOWN OPTICAL DISC, AND ACQUISITION 
OF FOCUS SEARCH DRIVING VOLTAGE Y 
CORRESPONDING TO ALL SUM SIGNAL 
VALUE AS-max 
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